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DESCRIPTION 

TRANSMITTING METHOD, RECEIVING METHOD, TRANSMITTING DEVICE, 
RECEIVING DEVICE AND TRANCE1VING DEVICE 

5 

Technical Field 

The present invention relates to a transmitting device and a receiving device 
used for a UWB (Ultra Wideband) communication system, and an art related thereto. 

10 Background Art 

In recent years, UWB (Ultra Wideband) communication technology attracts 
attention as next-generation wireless-communication technology. The UWB 
communication technology is a high-speed wideband communication technology of a 
spread spectrum type using a radio wave with a large fractional bandwidth. The UWB 

15 communication technology can be used for a high-speed indoor multi-points-connection 
radio communication method. 

As a method of generating a signal used for the UWB communication, there is 
a method of transmitting a continuous chain of impulses with a short duration, directly 
from an antenna. The UWB communication method using such a continuous chain of 

20 impulses is called a UWB-IR (Ultra Wideband-Impulse Radio) method. The continuous 
chain of impulses is hereinafter called a repetitive pulse train. 

Document 1 (Japanese translation of PCT international application 
HI 0-508725) discloses, as an example of the UWB-IR method, an art which transmits 
data by transmitting a series of pulses with a duration in nanoseconds without using a 

25 carrier wave. The art has a feature of transmitting a signal with a transmitting level 
lower than an environmental noise level over an extremely wide frequency band; 
thereby the art can reduce electric power consumption comparing to the conventional 
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radio communication with a carrier wave. Since the ultra short pulse is used, the art 

possesses such advantages that the art enables high-speed communications and is strong 

against multi-pass interference. 

In the UWB-IR method, information is put on a repetitive pulse train to be sent. 

5 It is considered that the UWB-IR method uses a repetitive code because the UWB-IR 

transmits repetitively a plurality of pulses for one bit of information bit train. Document 

2 (Naotake Yamamoto and Tomoaki Otsuki; "Evaluation of Characteristics of Internally 

Turbo-Coded Ultra Wideband-Impulse Radio (ITC-UWB-IR) Method", Institute of 

Electronics, Information and Communication Engineers, technical report RCS2002-55, 

10 pp.25-30, May 2002.) has proposed "an internal turbo code UWB-IR method" as a 

method incorporating an error correcting code instead of the repetitive code. The error 

correcting code incorporated is considered more powerful than the repetitive code. 

Fig. 16 is a block diagram of the conventional UWB transmitting device, and 

shows in detail a transmitter part of "the internal turbo code UWB-IR method" which is 

15 disclosed in Document 2. 

As shown in Fig. 16, the conventional UWB transmitting device comprises an 

encoder 1, a serial-to-parallel converter 2, a pulse generator 3, a parallel-to-serial 

converter 4 and an antenna 5. An information bit train from an information signal 

source S is encoded to an n-bit serial turbo encoded bit train by the encoder 1 , and is 

20 converted into an n-bit parallel encoded bit train by the serial-to-parallel converter 2. 

The pulse generator 3 has n-piece repetitive pulse generators 3__1 - 3_n, inputs n-bit 

parallel coded bits, and outputs n-piece pulse trains in parallel. Each of the n-piece pulse 

trains comprises tens of to hundreds of repetitive pulses which have been generated 

corresponding to each coded bit. The n-piece pulse trains are parallel-to^serial converted 

25 by the parallel-to-serial converter 4, and are directly transmitted from the antenna 5. 

In the conventional UWB transmitting device shown in Fig. 16, when Ns-piece 
pulses in total are transmitted repetitively per one bit of the information bit train, each 
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of the n sets of repetitive pulse generators 3_1 to 3_n generates (Ns/n)-piece repetitive 
pulses, respectively. 

Fig. 17 is a block diagram of the conventional UWB receiving device, and 
shows in detail a receiver part of "the internal turbo code UWB-IR method" which is 
disclosed in Document 2. 

As shown in Fig. 17, the conventional UWB receiving device comprises the 
antenna 5, a pulse wave-shape correlator 6, a pulse train integrator 7, a decoder 8 and a 
decision circuit 9. As for received pulses received by the antenna 5, correlation with a 
template wave shape is taken in the pulse wave-shape correlator 6. In the pulse train 
integrator 7, the correlation values are integrated as many as the number of the 
repetitive pulses. After a soft decision of a code is made in the decoder 8 which decodes 
a turbo code using the integrated correlation value, a hard decision is made, and an 
information bit train is restored and outputted as a decoded information signal in the 
decision circuit 9. 

According to the conventional technology with the internal turbo code 
disclosed in Document 2, error rate characteristics can be improved without reducing 
transmission speed as compared with the. UWB-IR method, by controlling the coded 
rates (1/n) in the encoder and the number of repetitive pulses (Ns) of the UWB-IR 
method, depending on a state of communication path or required quality. 

In the above-mentioned conventional technology, the equal number of pulses as 
the (Ns/n)-piece of repetitive pulses are generated repetitively to each bit of the n-bit 
encoded bit train; therefore significance of every encoded bit is equal. That is, the 
conventional technology mentioned above does not take into consideration changing in 
the significance of the encoded bits adaptively in consideration of the state of the 
communication path; hence, measures against changes of the state of the 
communication path are insufficient. Accordingly, adaptive measures are difficult to be 
performed, by allotting many repetitive pulses to an encoded bit which is susceptible to 



WO 2006/025577 



PCT/JP2005/016204 



adverse effect by noises and interference from other users, or by allotting, on the other 
hand, less repetitive pulses to an encoded bit which is hard to be influenced by the 
adverse effect. Furthermore, there is restriction that the number of repetitive pulses 
which the pulse generator 3 generates must always be a multiple of "n" when the coded 
rate of the encoder 1 is (k/n). 

Disclosure of Invention 

An object of the present invention is to provide a transmitting device and a 
receiving device for an ultra wideband communication system and an art related thereto, 
the transmitting and receiving devices being able to perform high-quality data 
transmission without reducing transmission speed, by lifting the restriction over the 
number of repetitive pulses in the UWB-IR method and by posing weighting on the 
encoded bits. 

A first aspect of the present invention provides a transmitting method in an 
ultra-wideband communication system performing communications by sending 
repetitive pulse trains to a communication path, the transmitting method comprising: 
assuming that m-piece pulses are transmitted per one bit of information bits ("m" is a 
natural number not less than 2), and that a coded rate is (k/n) ("k" is a natural number 
not less than 1, and "n" is a natural number not less than 2); transforming a k-bit 
information bit train to (k*m)-piece pulses in total; and transmitting sequentially the 
(k*m)-piece pulses to the communication path. The (k*m)-piece pulses are composed of 
n-piece repetitive pulse trains, and at least two pieces of the n-piece repetitive pulse 
trains possess lengths different from each other. 

According to the present method, it is possible to provide transmitting 
technology of the UWB-IR method which can adaptively adjust the number of the 
repetitive pulses to be allotted to the encoded bits. 

A second aspect of the present invention provides a receiving method in an 
ultra-wideband communication system performing communications by sending 
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repetitive pulse trains to a communication path, the receiving method comprising: 
receiving a transmit signal as n-piece received pulse trains, the transmit signal being 
n-piece repetitive pulse trains transmitted after a k-bit information bit train is encoded to 
an n-bit encoded bit train at a coded rate of (k/n) ("k" is a natural number not less than 1, 
5 and "n" is a natural number not less than 2), arid subsequently the n-bit encoded bit train 
is transformed to the n-piece repetitive pulse trains; outputting number of repetitive 
pulses composing each of the n-piece received pulse trains, based on pulse train 
information or bit train information received beforehand; correlating individually pulses 
composing the n-piece received pulse trains with a predetermined template wave shape, 

10 thereby outputting correlation values; integrating the correlation values as many as the 
number of repetitive pulses, thereby providing n-piece integrated values; making soft 
decision for the n-piece received pulse trains based on the n-piece integrated values, 
thereby outputting the soft decision results for n bits; and making hard decision in 
decoding for the n-piece received pulse trains based on the soft decision results for n 

15 bits, thereby outputting the k-bit information bit train as a decoded information signal. 

According to the present method, it is possible to provide receiving technology 
of the UWB-IR method which can adaptively adjust the number of the repetitive pulses 
to be allotted to the encoded bits. 

A third aspect of the present invention provides a transmitting device usable in 

20 an ultra-wideband communication system performing communications by sending 
repetitive pulse trains to a communication path, the transmitting device comprising: an 
encoder and a transmitting unit. The encoder is operable to encode a k-bit information 
bit train to an n-bit encoded bit train at a coded rate of (k/n) ("k" is a natural number not 
less than 1, and "n" is a natural number not less than 2), on condition that m-piece 

25 pulses are transmitted per one bit of information bits ("m" is a natural number not less 
than 2) and the coded rate is (k/n). The transmitting unit is operable to generate n-piece 
repetitive pulse trains based on the n-bit encoded bit train encoded by the encoder, 
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thereby transmitting sequentially the n-piece repetitive pulse trains to the 
communication path. In the transmitting device, pulses included in the n-piece repetitive 
pulse trains transmitted by the transmitting unit amount to (k*m) pieces in total, and at 
least two pieces of the n-piece repetitive pulse trains are composed of repetitive pulses 
5 of different numbers. 

According to the present structure, the transmitting device of the UWB-IR 
method which can adaptively adjust the number of the repetitive pulses to be allotted to 
the encoded bits can be provided. 

A fourth aspect of the present invention provides the transmitting device as 
10 defined in the third aspect, further comprising: a transmitting control unit operable to 
generate control information on number of the repetitive pulses included in each train of 
the n-piece repetitive pulse trains transmitted by the transmitting unit. 

A fifth aspect of the present invention provides the transmitting device as 
defined in the fourth aspect, wherein the transmitting control unit is operable to acquire 
15 communication path information on the communication path, thereby generating the 
control information based on the acquired communication path information. 

According to the present structures, the number of repetitive pulses of n-piece 
repetitive pulse trains which the transmitting unit transmits can be determined according 
to the control information which the transmitting control unit generates. Furthermore, 
20 the control information can be changed according to the state of the communication 
path. 

A sixth aspect of the present invention provides the transmitting device as 
defined in the fourth aspect, wherein the transmitting control unit comprises: a pulse 
generator operable, in accordance with the control information generated by the 
25 transmitting control unit, to repetitively generate a plurality of pulses for each encoded 
bit of the n-bit encoded bit train encoded by the encoder, thereby outputting the n-piece 
repetitive pulse trains, the plurality of pulses being predetermined according to a kind of 
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each encoded bit. 

According to the present structure, the transmitting device of the UWB-IR 
method which can adaptively adjust the number of the repetitive pulses to be allotted to 
the encoded bits can be provided. Furthermore, since the number of the repetitive pulses 
5 which the pulse generator generates can be controlled by the transmitting control unit, 
the transmitting device with a clear functional allotment can be provided. 

A seventh aspect of the present invention provides the transmitting device as 
defined in the sixth aspect, wherein the transmitting control unit is operable to transmit, 
as pulse train information, the number of repetitive pulses of the n-piece repetitive pulse 
10 trains generated by the pulse generator 

According to the present structure, since the number of repetitive pulses of 
each of the repetitive pulse trains is transmitted to a receiving device as the pulse train 
information, the receiving device can determine, using the pulse train information, an 
integration interval over which correlation values, obtained after correlating received 
15 pulses and a template pulse, are integrated. Consequently, highly precise decoding of a 
received signal becomes possible. 

An eighth aspect of the present invention provides the transmitting device as 
defined in the fourth aspect, wherein the encoder outputs the n-bit encoded bit train in 
the form of an n-bit parallel format encoded bit train, and wherein the transmitting unit 
20 comprises: a pulse generator and a parailel-to-serial converter. The pulse generator is 
operable to repetitively generate a plurality of pulses for each encoded bit of the n-bit 
parallel format encoded bit train outputted by the encoder, thereby outputting n-piece 
parallel format repetitive pulse trains, the plurality of pulses being predetermined 
according to a kind of each encoded bit. The parallel-to-serial converter is operable to 
25 convert the n-piece parallel format repetitive pulse trains outputted by the pulse 
generator to n-piece serial format repetitive pulse trains, thereby sequentially 
transmitting the n-piece serial format repetitive pulse trains to the communication path. 
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In the transmitting unit, the pulse generator determines, in accordance with the control 
information generated by the transmitting control unit, the number of each repetitive 
pulses composing the n-piece repetitive pulse trains, in such a manner that pulses 
included in the n-piece repetitive pulse trains amount to (k*m) pieces in total, and at 
least two pieces of the n-piece repetitive pulse trains are composed of repetitive pulses 
of different numbers. 

According to the present structure, by using the encoder which outputs the 
parallel format encoded bit train to be fed to the pulse generator, it is possible to provide 
the transmitting device of the UWB-IR method operable to generate in parallel a 
plurality of repetitive pulse trains, each of which is composed of repetitive pulses 
different in number. 

A ninth aspect of the present invention provides the transmitting device as 
defined in the fourth aspect, wherein the encoder outputs the n-bit encoded bit train in 
the form of an n-bit serial format encoded bit train, and wherein the transmitting unit 
comprises: a serial-to-parallel converter, a pulse generator, and a parallel-to-serial 
converter. The serial-to-parallel converter is operable to convert the n-bit serial format 
encoded bit train outputted by the encoder to an n-bit parallel format encoded bit train. 
The pulse generator is operable to repetitively generate a plurality of pulses for each 
encoded bit of the n-bit parallel format encoded bit train outputted by the encoder, 
thereby outputting n-piece parallel format repetitive pulse trains, the plurality of pulses 
being predetermined according to a kind of each encoded bit. The parallel-to-serial 
converter is operable to convert the n-piece parallel format repetitive pulse trains 
outputted by the pulse generator to n-piece serial format repetitive pulse trains, thereby 
sequentially transmitting the n-piece serial format repetitive pulse trains to the 
communication path. 

In the transmitting unit, the pulse generator determines, in accordance with the 
control information generated by the transmitting control unit, the number of each 
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repetitive pulses composing the n-piece repetitive pulse trains, in such a manner that 
pulses included in the n-piece repetitive pulse trains amount to (k*m) pieces in total, 
and at least two pieces of the n-piece repetitive pulse trains are composed of repetitive 
pulses of different numbers. 

According to the present structure, by using the encoder which outputs a serial 
format encoded bit train, and changing the encoder output to a parallel format encoded 
bit train to be fed to the pulse generator, it is possible to provide the transmitting device 
of the UWB-IR method operable to generate in parallel a plurality of repetitive pulse 
trains, each of which is composed of repetitive pulses different in number. 

A tenth aspect of the present invention provides the transmitting device as 
defined in the fourth aspect, wherein the transmitting unit comprises: a bit train 
generator operable to repeat, for a plurality of times, each bit of the n-bit encoded bit 
train encoded by the encoder to generate n-piece repetitive bit trains; and a pulse 
generator operable to generate a pulse for each bit of the n-piece repetitive bit trains 
generated by the bit train generator, the pulse being predetermined according to a kind 
of each bit, thereby transmitting the generated pulse to the communication path. In the 
transmitting unit, the bit train generator determines, in accordance with the control 
information generated by the transmitting control unit, the number of each repetitive 
bits composing the n-piece repetitive bit trains, in such a manner that bits included in 
the n-piece repetitive bit trains amount to (k*m) pieces in total, and at least two pieces 
of the n-piece repetitive bit trains are composed of repetitive bits of different numbers. 

According to the present structure, it is possible to provide the transmitting 
device of the UWB-IR method which can adaptively adjust the number of the repetitive 
pulses to send out. Moreover, all processing up to generating the n-piece repetitive bit 
trains can be realized in digital processing. 

An eleventh aspect of the present invention provides the transmitting device as 
defined in the tenth aspect, wherein the transmitting control unit is operable to transmit, 
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as bit train information, the number of repetitive bits of the n-piece repetitive bit trains 

generated by the bit train generator. 

According to the present structure, since the number of repetitive bits of each 

of the repetitive bit trains is transmitted to a receiving device as the bit train information, 
5 the receiving device can determine, using the bit train information, an integration 

interval over which correlation values, obtained after correlating received pulses and a 

template pulse, are integrated. Consequently, highly precise decoding of a received 

signal becomes possible. 

A twelfth aspect of the present invention provides a receiving device usable in 
10 an ultra- wideband communication system performing communications by sending 

repetitive pulse trains to a communication path, the receiving device comprising: a 

receiving unit, a pulse wave-shape correlator, a receiving control unit, an integrator, a 

decoder, and a decision unit. 

The receiving unit is operable to receive a transmit signal as n-piece received 
15 repetitive pulse trains, the transmit signal being n-piece repetitive pulse trains 

transmitted after a k-bit information bit train is encoded to an n-bit encoded bit train at a 

coded rate of (k/n) ("k" is a natural number not less than 1, and "n" is a natural number 

not less than 2), and subsequently the n-bit encoded bit train is transformed to the 

n-piece repetitive pulse trains. 
20 The pulse wave-shape correlator is operable to correlate individually pulses 

composing the n-piece recieived repetitive pulse trains with a predetermined template 

wave shape, thereby outputting n-piece repetitive correlation value trains in 

correspondence with the n-piece received repetitive pulse trains. 

The receiving control unit is operable to output, based on pulse train 
25 information or bit train information received beforehand, n-piece repetition numbers for 

the n-piece repetitive correlation value trains outputted by the pulse wave-shape 

correlator. 
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The integrator is operable to divide into n intervals the n-piece repetitive 
correlation value trains outputted by the pulse wave-shape correlator, in accordance 
with the n-piece repetition numbers outputted by the receiving control unit, and to 
integrate the n-piece repetitive correlation value trains for each divided interval, thereby 
outputting n-piece integrated values. 

The decoder is operable to make soft decision for the n-piece received 
repetitive pulse trains based on the n-piece integrated values outputted by the integrator, 
thereby outputting the soft decision results for n bits. 

The decision unit is operable to make hard decision in decoding for the n-piece 
received pulse trains based on the soft decision results for n bits outputted by the 
decoder, thereby outputting the k-bit information bit train as a decoded information 
signal. 

According to the present structure, it is possible to provide the receiving device 
which receives a transmit signal of the UWB-IR method in which the number of the 
repetitive pulses to be allotted to the encoded bits is adaptively adjusted. Furthermore, 
by the use of the pulse train information or the bit train information received beforehand, 
it is possible to determine the integration interval over which correlation values, 
obtained after correlating received pulses and a template pulse, are integrated. 
Consequently, highly precise decoding of a received signal becomes possible. 

A thirteenth aspect of the present invention provides a transceiving device 
usable in an ultra- wideband communication system performing communications by 
sending repetitive pulse trains to a communication path, the transceiving device 
comprising: an encoder, a transmitting unit, a transmitting control unit, a receiving 
unit, a pulse wave-shape correlator, a receiving control unit, an integrator, a decoder, 
and a decision unit. 

The encoder is operable to encode a k-bit information bit train to an n-bit 
encoded bit train at a coded rate of (k/n) ("k" is a natural number not less than 1, and 
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"n" is a natural number not less than 2), on condition that m -piece pulses are transmitted 
per one bit of information bits ("m" is a natural number not less than 2) and the coded 
rate is (k/n). The transmitting unit is operable to generate n-piece repetitive pulse trains 
based on the n-bit encoded bit train encoded by the encoder, thereby transmitting 
sequentially the n-piece repetitive pulse trains to the communication path. Furthermore, 
the transmitting control unit is operable to generate control information on number of 
the repetitive pulses included in each train of the n-piece repetitive pulse trains 
transmitted by the transmitting unit. 

The receiving unit is operable to receive n-piece repetitive pulse trains through 
the communication path, as n-piece received repetitive pulse trains. The pulse 
wave-shape correlator is operable to correlate individually pulses composing the n-piece 
received repetitive pulse trains with a predetermined template wave shape, thereby 
outputting n-piece repetitive correlation value trains in correspondence with the n-piece 
received repetitive pulse trains. The receiving control unit is operable to output, based 
on pulse train infomiation or bit train information received beforehand, n-piece 
repetition numbers for the n-piece repetitive correlation value trains outputted by the 
pulse waveshape correlator. The integrator is operable to divide into n intervals the 
n-piece repetitive correlation value trains outputted by the pulse wave-shape correlator, 
in accordance with the n-piece repetition numbers outputted by the receiving control 
unit, and to integrate the n-piece repetitive correlation value trains for each divided 
interval, thereby outputting n-piece integrated values. The decoder is operable to make 
soft decision for the n-piece received repetitive pulse trains based on the n-piece 
integrated values outputted by the integrator, thereby outputting the soft decision results 
for n bits. Furthermore, the decision unit is operable to make hard decision in decoding 
for the n-piece received pulse trains based on the soft decision results for n bits 
outputted by the decoder, thereby outputting the k-bit information bit train as a decoded 
information signal. 
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In the transceiving device, pulses included in the n-piece repetitive pulse trains 
transmitted by the transmitting unit amount to (k*m) pieces in total, and at least two 
pieces of the n-piece repetitive pulse trains are composed of repetitive pulses of 
different numbers, and pulses included in the n-piece received pulse trains received by 
the receiving unit amount to (k*m) pieces in total, and at least two pieces of the n-piece 
repetitive pulse trains are composed of repetitive pulses of different numbers. 

According to the present structure, the transceiving device of the UWB-IR 
method which can adaptively adjust the number of the repetitive pulses can be provided. 

The above, and other objects, features and advantages of the present invention 
will become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same elements. 

Brief Description of Drawings 

Fig. 1 is a block diagram of a transmitting device according to Embodiment 1 
of the present invention; 

Fig. 2 is a block diagram of a transmitting device according to Embodiment 2 
of the present invention; 

Fig. 3 is a block diagram of a transmitting device according to Embodiment 3 
of the present invention; 

Fig. 4 is a block diagram of a transmitting device according to Embodiment 4 
of the present invention; 

Fig. 5 is a block diagram of a transmitting device according to Embodiment 5 
of the present invention; 

Fig. 6 is a block diagram of a receiving device according to Embodiment 6 of 
the present invention; 

Fig. 7 is a block diagram of a transceiving device according to Embodiment 7 
of the present invention; 

Fig. 8 is a block diagram of a transmitting device according to Embodiment 8 
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of the present invention; 

Fig. 9 is a block diagram of a receiving device according to Embodiment 8 of 
the present invention; 

Fig. 10 is an explanatory drawing for generating repetitive pulse trains 
according to Embodiment 1 of the present invention; 

Fig. 11 is an illustration showing wave shapes in the repetitive pulse trains 
according to Embodiment 1 of the present invention; 

Fig. 12 is an explanatory drawing for generating repetitive bit trains according 
to Embodiment 5 of the present invention; 

Fig. 13 (a) is an illustration showing a template wave shape according to 
Embodiment 6 of the present invention; 

Fig. 13 (b) is an illustration showing a received p-pulse wave shape according 
to Embodiment 6 of the present invention; 

Fig. 1 3 (c) is an illustration showing a received q-pulse wave shape according 
to Embodiment 6 of the present invention; 

Fig. 14 is an explanatory drawing of signal processing in the receiving device 
according to Embodiment 6 of the present invention; 

Fig. 15 is an explanatory drawing of an interleaver and a deinterleaver 
according to Embodiment 8 of the present invention; 

Fig. 16 is a block diagram of the conventional UWB transmitting device; and 

Fig. 17 is a block diagram of the conventional UWB receiving device. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention are explained with reference to the 
following drawings. 

(Embodiment 1) 

Fig. 1 is a block diagram of a transmitting device according to Embodiment 1 
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of the present invention. As shown in Fig. 1 , the transmitting device of the UWB-IR 
method of the present embodiment comprises an encoder 20, a transmitting unit 100, 
and an antenna 90. The transmitting unit 100 includes a pulse generator 30. 

Hereinafter, operation of the transmitting device of the present embodiment is 
explained. A k-bit information bit train inputted from an information signal source 10 is 
encoded to an n-bit encoded bit train with a coded rate (k/n) by the encoder 20 ("k" is a 
natural number not less than "1", and "n" is a natural number not less than "2"). The 
n-bit encoded bit train is inputted into the pulse generator 30 of the transmitting unit 100. 
In the pulse generator 30, a series of tens of pulses to hundreds of pulses each having a 
short duration are generated repetitively per each bit of the n-bit encoded bit train, and 
the pulses are transmitted from the antenna 90. The series of pulses transmitted from the 
antenna 90 are, when observed in a time domain, signals with amplitude smaller than 
the amplitude of a surrounding noise; whereas, when observed in a frequency domain, 
the series of pulses are transmitted from the antenna 90 as radio waves with an 
extremely wide fractional bandwidth. 

When the number of pulses which is to be transmitted repetitively per one bit 
of the information bits is m pieces ("m" is a natural number not less than "2"), the total 
of the pulses transmitted to the k-bit information bit train is (k*m) pieces. The total 
(k*m)-piece pulses correspond to the n-bit encoded bit train which the encoder 20 has 
outputted, and are composed of the n-piece repetitive pulse trains which the pulse 
generator 30 generates. Furthermore, each repetitive pulse train of the n-piece repetitive 
pulse trains is composed by repeating a pulse generated by pulse modulation of each bit 
of the n-bit encoded bit train according to the kind of the bit (namely, according to the 
bit being "0" or "1"). 

In the conventional UWB-IR method, the above-mentioned n-piece pulse trains 
are composed of pulses of equal numbers, irrespective of the kind of the encoded bit 
train. In the transmitting device of the present embodiment, the above-mentioned 
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n-piece pulse trains are composed of pulses of different numbers. In other words, a 
pulse train which is weak to noises in a communication path is allotted increased 
number of pulses, and a pulse train which is strong to noises is allotted reduced number 
of pulses, while keeping the pulses transmitted for the n-piece pulse trains constant in 
5 total number. Thereby, the occurrence probability of a noise-caused error can be 
lowered. 

Fig. 10 is an explanatory drawing for generating repetitive pulse trains 
according to Embodiment 1 of the present invention. In this drawing, a k-bit 
information bit train "010" 201 (k= 3 in the example of Fig. 10) is encoded to an n-bit 

10 encoded bit train "00101" 202 (n=5 in the example of Fig. 10) at a coded rate (k/n= 3/5 
in the example of Fig. 10). 

For the n-bit encoded bit train "00101" 202, n-piece repetitive pulse trains 203 
(n= 5 in the example of Fig. 10) are generated. 

In Fig. 10, four P pulses are generated to the first bit "0" of the encoded bit 

15 train 202, four P pulses are generated to the second bit "0" of the encoded bit train 202, 
three Q pulses are generated to the third bit "1" of the encoded bit train 202, three P 
pulses are generated to the fourth bit "0" of the encoded bit train 202, and four Q pulses 
are generated to the fifth bit "1" of the encoded bit train 202. The total pulses of five 
repetitive pulse trains 203 are 18 pieces. In five repetitive pulse trains 203 of Fig. 10, 

20 the P pulse and the Q pulse are described with symbols "P" and "Q." The P pulse and 
the Q pulse are pulses which are set beforehand in correspondence with the kind of bits. 
In the transmitting device of the present embodiment, it is set that the P pulse 
corresponds to a bit "1" and the Q pulse corresponds to a bit "0", respectively. 

Exemplary wave shapes of the P pulse 204 and the Q pulse 205, which are 

25 adopted in the transmitting device of the present embodiment, are shown at the bottom 
of Fig. 10. The P pulse and the Q pulse are pulses which modulate a bit "1" and a bit 
"0". As long as the P pulse and the Q pulse can discriminate each other, any kind of 
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modulation method may be used. The example shown in Fig. 10 is a pulse position 
modulation (PPM) method using a dipulse. In addition, other modulation methods such 
as a pulse amplitude modulation (PAM) 5 an ON/OFF keying modulation (OOK), and a 
bi-phase modulation (BPSK) may be used. 

Fig. 11 is an illustration showing wave shapes in the repetitive pulse trains 
according to Embodiment 1 of the present invention. The upper part of the Fig. 11 
shows a symbolic notation 206 and the lower part of Fig. 11 shows the corresponding 
modulated wave shape 207, for a connection part of a pulse train composed of the P 
pulse 204 and a pulse train composed of the Q pulse 205. The modulated wave shape 
207 of Fig. 1 1 is a pulse train by the pulse position modulation using either of the 
above-mentioned dipulse (the P pulse 204 and the Q pulse 205). 

As explained above, the transmitting device of the present embodiment can 
perform transmitting of information by the UWB-IR method by encoding an 
information bit train from the information signal source 10 with the encoder .20, 
generating the modulated encoded pulse trains in the pulse generator 30, and 
transmitting the modulated encoded pulse trains from the antenna 90. 

(Embodiment 2) 

Fig. 2 is a block diagram of a transmitting device according to Embodiment 2 
of the present invention. In Fig. 2, description is omitted by giving the same symbols 
regarding the same components as in Fig. 1. 

The transmitting device of the present embodiment as shown in Fig. 2 
comprises an encoder 20, a transmitting unit 100, a transmitting control unit 40 and an 
antenna 90. The transmitting unit 100 includes a pulse generator 30. Compared with the 
transmitting device of Embodiment 1 of the present invention as shown in Fig. 1, the 
transmitting device of the present embodiment additionally comprises the transmitting 
control unit 40 operable to control the pulse generator 30. 

The transmitting control unit 40 acquires communication path information 
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transmitted from a receiving device, the information indicating a communication state 
of a communication path. The transmitting control unit 40 generates control information 
for controlling the pulse generator 30 based on the communication path information. 
According to the control information, the pulse generator 30 determines the number of 
repetitive pulses of the repetitive pulse train to be generated for every bit of the encoded 
bit train. 

In the following, a case is explained where the communication path 
information transmitted from the receiving device includes error rates for a bit "1" and a 
bit "0" received by the receiving device. For example, when the error rate of the bit "1" 
is very close to a permissible value and the error rate of the bit "0" has a margin to the 
permissible value, the transmitting control unit 40 changes the control information in 
order to increase the number of pulses of the repetitive pulse train corresponding to the 
bit "1" and reduces the number of pulses of the repetitive pulse train corresponding to 
the bit "0". The pulse generator 30 changes the number of repetitive pulses of each 
repetitive pulse train according to the changed control information. 

The transmitting control unit 40 transmits the number of repetitive pulses of the 
repetitive pulse trains, generated by the pulse generator 30, to the receiving device as 
pulse train information. This pulse train information may be transmitted to the receiving 
device by including in preamble pulses which are placed at the head of a series of 
repetitive pulse trains. When the transmitting control unit 40 changes periodically the 
number of repetitive pulses of the repetitive pulse trains to be generated by the pulse 
generator 30, only the pulse train information may be separately transmitted whenever 
the changes are made. The receiving device uses the pulse train information in decoding 
the received signal. In the case of five repetitive pulse trains 203 shown in Fig. 10, the 
numbers of repetitive pulses of the repetitive pulse trains 203 generated by the pulse 
generator 30 are "4", "4", "3", "3" and "4", and these numeric values are transmitted to 
the receiving device as the pulse train information. 
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Thus, the transmitting device of the present embodiment can control the 
number of repetitive pulses of repetitive pulse trains adaptively according to the 
communication state of the communication path. 

(Embodiment 3) 

Fig. 3 is a block diagram of a transmitting device according to Embodiment 3 
of the present invention. In Fig. 3, explanation of components same as shown in Fig; 1 
is omitted attaching same symbols as in Fig. 1. 

The transmitting device of the present embodiment shown in Fig. 3 comprises 
an encoder 20, a transmitting unit 100, a transmitting control unit 40, and an antenna 90. 
The transmitting unit 100 comprises a pulse generator 30 and a parallel-to-serial 
converter 50. Furthermore, the pulse generator 30 comprises a first pulse train generator 
3 1 , a second pulse train generator 32, and an n-th pulse train generator 33. 

A k-bit information bit train is inputted from an information signal source 10. 
The encoder 20 encodes the k-bit information bit train to an n-bit encoded bit train in 
parallel format at a coded rate (k/n), and then outputs the n-bit encoded bit train to the 
pulse generator 30 in parallel. 

In the pulse generator 30, the first pulse train generator 31 generates a 
repetitive pulse train corresponding to the first bit of the n-bit encoded bit train, the 
second pulse train generator 32 generates a repetitive pulse train corresponding to the 
second bit of the n-bit encoded bit train, and similarly the n-th pulse train generator 33 
generates a repetitive pulse train corresponding to the n-th bit of the n-bit encoded bit 
train. The first to n-th pulse train generators output the respective repetitive pulse trains 
in parallel. The repetitive pulse trains, which the first to n-th pulse train generators 
generate, are composed of the P pulse 204 and the Q pulse 205 based on pulse position 
modulation using the dipulse, according to the explanatory drawing of the repetitive 
pulse train generation in Embodiment 1 of the present invention, as shown in Fig. 10. 

A number of repetitive pulses of the repetitive pulse trains, which the first to 
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n-th pulse train generators individually generate, is controlled by control information 
that the transmitting control unit 40 outputs. In other words, the transmitting control unit 
40 generates the control information based on the communication path information, sent 
by a receiving device, indicating the communication state of the communication path. 
The transmitting control unit 40 outputs the control information to the pulse generator 
30. According to the control information, the first to n-th pulse train generators of the 

pulse generator 30 determine the number of repetitive pulses of the repetitive pulse 

trains to be generated. 

The parallel-to^serial converter 50 converts the n-piece repetitive pulse trains, 

which the pulse generator 30 generates and outputs in parallel, into repetitive pulse 

trains in serial format, and then transmits sequentially the repetitive pulse trains from 

the antenna 90. 

In addition, the transmitting control unit 40 transmits the number of repetitive 
pulses of the repetitive pulse trains, which the first pulse train generator 31 to the n-th 
pulse train generator 33 generate, to the receiving device as pulse train information. 
This pulse train information may be transmitted to the receiving device by including in 
preamble pulses which are placed at the head of a series of repetitive pulse trains. When 
the transmitting control unit 40 changes periodically the number of repetitive pulses of 
the repetitive pulse trains to be generated by the pulse generator 30, only the pulse train 
information may be separately transmitted whenever the changes are made. The 
receiving device uses the pulse train information in decoding the received signal. 

As explained above, the transmitting method of the transmitting device 
according to the present embodiment acquires the communication path information of 
the communication path beforehand, and determines the each number of repetitive 
pulses of the n-piece repetitive pulse trains based on the acquired communication path 
information. 

In the transmitting method of the transmitting device according to the present 
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invention, the each number of repetitive pulses of n-piece repetitive pulse trains is 
transmitted as the pulse train information. 

Thus, the transmitting device of the present embodiment can adaptively control 
the number of repetitive pulses of the repetitive pulse trains according to the 
communication state of the communication path, thereby transmitting information using 
the UWB-IR method. 

(Embodiment 4) 

Fig. 4 is a block diagram of a transmitting device according to Embodiment 4 
of the present invention. In Fig. 4, explanation of components same as shown in Fig. 3 
is omitted attaching same symbols as in Fig. 3. 

In the transmitting device of the present embodiment shown in Fig. 4, a 
encoder 20 encodes a k-bit information bit train inputted from the information signal 
source 10 to an n-bit encoded bit train at a coded rate (k/n), then outputs the n-bit 
encoded bit train in serial format. In the transmitting device of the present embodiment, 
a transmitting unit 100 comprises a serial-to-parallel converter 60 operable to convert 
the n-bit encoded bit train in serial format that the encoder 20 has outputted into an n-bit 
encoded bit train in parallel format, a pulse generator 30 possessing a first pulse train 
generator 31 to an n-th pulse train generator 33 that is installed corresponding to the 
n-bit encoded bit train in parallel format, and a parallel-to-serial converter 50 operable 
to convert n-piece parallel repetitive pulse trains, which the pulse generator 30 outputs 
in parallel, into n-piece serial repetitive pulse trains. 

Thus, in the transmitting device of the present embodiment, inside the 
transmitting unit 100, except for operation that the serial-to-parallel converter 60 
converts the n-bit serial encoded bit train into the n-bit parallel encoded bit train, other 
operations of the present transmitting device are same as the transmitting device in 
Embodiment 3 of the present invention; therefore, further explanation is omitted. 

In other words, in the transmitting method of the transmitting device according 
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to the present embodiment, the n-bit encoded bit train is a parallel bit train, and the 
n-piece repetitive pulse trains are generated in parallel. After completion of 
parallel-to-serial conversion, the repetitive pulse trains are transmitted to the 
communication path one after another. 
5 Thus, by using the encoder 20 that outputs the serial encoded bit train, the 

transmitting device of the present embodiment can transmit information using the 
UWB-IR method while adaptively controlling the number of repetitive pulses of the 
repetitive pulse trains according to the communication state of the communication path. 
(Embodiment 5) 

* 

10 Fig. 5 is a block diagram of a transmitting device according to Embodiment 5 

of the present invention. In Fig. 5, explanation of components same as shown in Fig. 1 
is omitted attaching same symbols as in Fig. 1 . 

The transmitting device of the present embodiment shown in Fig. 5 comprises 
an encoder 20, a transmitting unit 100, a transmitting control unit 40, and an antenna 90. 
15 The transmitting unit 100 possesses a bit train generator 70 and a pulse generator 30. 

Hereafter, operation of the transmitting device of the present embodiment is 
explained. 

A k-bit information bit train, inputted from an information signal source 1 0, is 
encoded to an n-bit encoded bit train by the encoder 20 at an encoded rate (k/n). The 
20 n-bit encoded bit train is inputted into the bit train generator 70. 

The bit train generator 70 generates n-piece repetitive bit trains, wherein the 
same bit is repeated for plural times for each bit of the n-bit encoded bit train that is 
inputted. 

At this time, the transmitting control unit 40 outputs the generated control 
25 information to the bit train generator 70 based on the communication path information 
sent from a receiving device. According to the control information, the bit train 
generator 70 determines each number of the repetitive bits for the n-piece repetitive bit 
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trains to be generated. However, the total number of bits is maintained to be constant. 

The pulse generator 30 converts each bit of the n-piece repetitive bit trains 
generated by the bit train generator 70 to an n-piece repetitive pulse trains, composed by 
one of the predetermined pulses depending on the kind of the bit (that is, depending on a 
case that the bit is either "0" or "1"). Thereafter, the pulse generator 30 transmits the 
n-piece repetitive pulse trains from the antenna 90 one after another. 

Fig. 12 is an explanatory drawing for generating repetitive bit trains according 
to Embodiment 5 of the present. In Fig. 12, an information bit train "010" 201 of k-bit 
(k=3 in the present example) is encoded to an encoded bit train "00101" 202 of n-bit 
(n=5 in the present example). Five pieces of repetitive bit trains 217 are generated for 
the encoded bit train 202, where the same bit is repeated for plural times in each piece 
of the repetitive bit trains. 

In other words, a repetitive bit train "0000" is generated for the first bit "0" of 
the encoded bit train 202. A repetitive bit train "0000" is generated for the second bit 
"0" of the encoded bit train 202. A repetitive bit train "111" is generated for the third bit 
"1" of the encoded bit train 202. A repetitive bit train "000" is generated for the fourth 
bit "0" of the encoded bit train 202. Furthermore, a repetitive bit train "1111" is 
generated for the fifth bit "1" of the encoded bit train 202. 

The number of repeating the same bit, that is the number of repetitive bits of 
each repetitive bit train, is controlled by the control information that is outputted by the 
transmitting control unit 40. In other words, according to the control information, the bit 
train generator 70 determines the number of repetitive bits of each bit train for the five 
pieces of repetitive bit rains 217 to be generated, under the condition that the total 
number of bits is constant. 

The pulse generator 30 converts each bit of the five pieces of repetitive bit 
trains 217, which have been generated in the above-mentioned manner, to a modulated 
pulse. 
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In the explanatory drawing shown in Fig. 12, similar to the transmitting device 
of Embodiment 1 of the present invention shown in Fig. 10, the transmitting device of 
the present embodiment uses a P pulse 204 corresponding to a bit "0** and a Q pulse 205 
corresponding to a bit "1" as the modulated pulse. 

In other words, the pulse generator 30 converts the bit "0" within the five 
pieces of repetitive bit trains to the P pulse 204 and the bit "1" to the Q pulse 205; 
thereby, generating five pieces of repetitive pulse trains 203. The pulse generator 30 
then transmits the five pieces of repetitive pulse trains 203 from the antenna 90 one after 
another. 

In addition, the transmitting control unit 40 transmits each number of repetitive 
bits of the repetitive bit trains 217, which the bit train generator 70 generates, to the 
receiving device. In the example of Fig. 12, the bit train information is the number of 
repetitive bit "4", "4", "3", "3", "4" of the five pieces of repetitive bit trains. 

The bit train information in the present embodiment corresponds to the pulse 
train information in Embodiments 1 to 4 of the present invention as clearly shown in 
comparison between Fig. 10 and Fig. 12. In other words, both items of the information 
show the number of repetitive pulses of the n-piece repetitive pulse trains that is 
transmitted from the transmitting device. 

The bit train information may be transmitted to the receiving device by 
including in preamble pulses which are placed at the head of a series of repetitive bit 
trains. When the transmitting control unit 40 changes periodically the number of 
repetitive bits of the repetitive bit trains to be generated by the bit train generator 70, 
only the bit train information may be separately transmitted whenever the changes are 
made. 

In addition, the transmitting method in the transmitting device of the present 
embodiment acquires the communication path information of the communication path 
beforehand, and determines each number of repetitive bits of the n-piece repetitive bit 
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trains based on the acquired communication path information. Furthermore, the number 
of repetitive bits of the n-piece repetitive bit trains is transmitted as the bit train 
information. 

As mentioned above, according to the present embodiment, it is possible to 
realize the transmitting device using the UWB-IR method, which can adaptively adjust 
the number of repetitive pulses of the repetitive pulse trains according to the 
communication state of the communication path. In addition, according to the 
transmitting device of the present embodiment, all of the processing up to generating 
the n-piece repetitive bit trains can be realized in digital processing. 

(Embodiment 6) 

Fig. 6 is a block diagram of a receiving device according to Embodiment 6 of 
the present invention. The receiving device of the present embodiment comprises an 
antenna 190, a receiving unit 1 10, a pulse wave-shape correlator 120, an integrator 130, 
a receiving control unit 140, a decoder 150, and a decision unit 160. 

Referring to Fig. 6, operation of the receiving device of the present 
embodiment is explained. 

The receiving unit 110 receives as n-piece received pulse trains, via the antenna 
190, n-piece pulse trains that have been transmitted by either one of the transmitting 
devices mentioned in Embodiments 1 to 5 of the present invention using the UWB-IR 
method 

The pulse wave-shape correlator 120 correlates each pulse of the n-piece 
received pulse trains, which the receiving unit 110 has received, with a template wave 
shape that is set up beforehand. The operation is explained referring to Fig. 13. 

Fig. 13(a) is an illustration showing a template wave shape according to 
Embodiment 6 of the present invention. Fig. 13(b) is an illustration showing a received 
p-pulse wave shape according to Embodiment 6 of the present invention. Fig. 13(c) is 
an illustration showing a received q-pulse wave shape according to Embodiment 6 of 
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the present invention. 

The received p pulse p(t) of Fig. 13(b) and the received q-pulse q(t) of Fig. 
13(c) are received pulses that compose the n-piece received pulse trains, which the 
receiving unit 110 has received. The received p-pulse p(t) is a pulse that the receiving 
unit 110 has received the P pulse 204 corresponding to the encoded bit "0" shown in Fig. 
10. Similarly, the received q-pulse q(t) is a pulse that the receiving unit 110 has received 
the Q pulse 205 corresponding to the encoded bit "1". 

The template wave shape R(t) of Fig. 13(a) is a wave shape that is created 
based on an ideal received p-pulse p0(t) and an ideal received q-pulse q0(t)j which are 
assumed to be received in a state where there is no extraneous noise pickup in the 
communication path. The template wave shape R(t) is defined by (Formula 1). 



The pulse wave-shape correlator 120 of Fig. 6 calculates a correlation value mp 
for each received pulse V (t) of the n-piece received pulse trains which the receiving 
unit 110 has received, correlating with the template wave shape R (t) using in the 
following formula. 



In (Formula 2), the lower limit tO and the upper limit tl of the integral interval define a 
time interval, generally called as a frame length, where one piece of received pulse V(t) 
of the received pulse train exists. 

As it can be easily presumed from the location relationship on the time axis 

between the template wave shape R (t) shown in Fig. 13 and the received p-pulse wave 
shape p (t) or the received q-pulse wave shape q(t), when the received pulse V(t) is the 



(Formula 1) 



R(t) = P 0(f) - q0(t) 



(Formula 2) 
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received p-pulse p(t), the correlation value mp calculated by (Formula 2) possesses a 
plus value, and when the received pulse V(t) is the received q-pulse q(t), the correlation 
value mp calculated by (Formula 2) possesses a minus value. 

Referring to Fig. 6 again, based on the pulse train information or the bit train 
information sent beforehand from either one of the transmitting devices of the 
Embodiments 1 to 5 of the present invention, the receiving control unit 140 determines 
the number of repetitive pulses of the n-piece received pulse trains which the receiving 
unit 110 has received, and outputs the number of repetitive pulses to the integrator 130. 

The integrator 130 integrates the correlation values for the pulses of the n-piece 
received pulse trains as many as the number of repetitive pulses of the n-bit received 
pulse trains and outputs n-piece integrated values. As described above, the correlation 
values are calculated by the pulse wave-shape correlator 120 according to (Formula 2), 
and the number of repetitive pulses is determined by the receiving control unit 140. As a 
resultant effect of the integration, even when the received pulse V(t) includes a lot of 
noises, the received pulse V(t) can be identified more clearly whether it is the received 
p-pulse or the received q-pulse. 

The decoder 150 makes soft decision for the n-piece received pulse trains based 
on the n-piece integrated values which the integrator 130 has outputted, and outputs an 
n-bit soft decision result. 

The decision unit 160 makes hard decision for the n-piece received pulse trains, 
which is the final decoding processing, based on the n-bit soft decision result that the 
decoder 150 has outputted, and outputs a k-bit information bit train as a decoded 
information signal. 

Fig. 14 is an explanatory drawing of signal processing in the receiving device 
according to Embodiment 6 of the present invention. The figure shows a state where the 
receiving device of the present embodiment shown in Fig. 6 receives the five pieces of 
the repetitive pulse trains 203, as shown in Fig. 10, as the received pulse trains 210 via 
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the communication path, ("p" shows the received p-pulse 215, and "q" shows the 
received q-pulse 215.) 

The receiving control unit 140 receives the pulse train information beforehand, 
and notifies the integrator 1 30 that the received pulse trains are composed of five pieces 
of pulse trains, each pulse train having the number of repetitive pulses; "4", "4", "3", 
"3", and "4." 

The pulse wave-shape correlator 120 calculates a correlation value mp 211 for 
each received pulse of the five pieces of received pulse trains 210 with the template 
wave shape according to (Formula 2). Since the calculation result of the correlation 
value mp 211 is not necessarily an integer, the calculated results are shown by only 
signs of and of the value in Fig. 14. 

The integrator 130 integrates the correlation value mp 211 as many as the 
number of the repetitive pulses of each pulse train, using the pulse train information that 
is notified by the receiving control unit 140. After integration, the integrator 130 outputs 
five pieces of integrated values 212. As illustrated in Fig. 14, the integrated value 212 is 
not necessarily an integer. 

The decoder 150 makes soft decision for the five pieces of integrated values 
212, and outputs a soft decision result of 5 bits. (The soft decision result is not 
necessarily an integer, either.) 

The decision unit 160 makes hard decision before decoding with a hard 
decision result "00101" 213, based on the soft decision result of 5 bits. Then the 
decision unit 160 decodes the hard decision result and acquires an information bit train 
"010" 214. The hard decision result "00101" 213 before decoding is not necessarily 
explicitly outputted as one processing result, it is described explicitly just for 
explanation in the present description in Fig. 14. 

Thus, the receiving device of the present embodiment can receives n-piece 
pulse trains as n-piece received pulse trains and decode the n-piece received pulse trains 
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to obtain a k-bit information bit train. The n-piece pulse trains received by the receiving 
device is ones that either one of the transmitting devices described in Embodiment 1 to 
5 of the present invention has encoded a k-bit information pulse train and transmitted 
the encoded result in correspondence with UWB-IR method. 
(Embodiment 7) 

Fig. 7 is a block diagram of a transceiving device according to Embodiment 7 
of the present invention. The transceiving device of the present embodiment is made by 
unifying the transmitting device in Embodiment 2 of the present invention shown in Fig. 
2 and the receiving device in Embodiment 6 of the present invention shown in Fig. 6. 
Therefore, in Fig. 7, explanation of components same as shown in Figs. 2 and 6 is 
omitted attaching same symbols as in Figs. 2 and 6. 

The transceiving device of the present embodiment comprises an encoder 20, a 
transmitting unit 100 possessing a pulse generator 30, a receiving unit 110, a pulse 
wave-shape correlator 120, an integrator 130, a decoder 150, a decision unit 160, a 
tranceiving control unit 303, an antenna switching unit 304, and an antenna 90. 

The operation of the transceiving device of the present embodiment in a 
transmitting mode is basically same as the operation of the transmitting device in 
Embodiment 2 of the present invention shown in Fig. 2. 

An information bit train, which is inputted from an input terminal 301 as 
transmitting data, is encoded into an encoded bit train by the encoder 20. The encoded 
bit train is converted into repetitive pulse trains by the pulse generator 30, and then 
transmitted to a partner's receiver from the antenna 90 after passing through the antenna 
switching unit 304. Moreover, the number of repetitive pulses in each of the repetitive 
pulse trains generated by the pulse generator 30 is controlled by the tranceiving control 
unit 303 based on the communication path information. The contents of the control are 
transmitted to the partner's receiver as pulse train information. 

In addition, in the transceiving device of the present embodiment, a 
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transmitting control unit, which composes a part of the tranceiving control unit 303, 
acquires the communication path information regarding the communication path, and 
generates transmitting control information based on the acquired communication path 
information. 

Furthermore, in the transceiving device of the present embodiment, the 
transmitting unit 100 possesses the pulse generator 30. The pulse generator 30 generates 
n-piece repetitive pulse trains for the n-bit encoded bit trains which the encoder 20 has 
encoded. In generating the n-piece repetitive pulse trains, the pulse generator 30 
generates a pulse, which is predetermined depending on the kind of a bit, repetitively for 
plural times for each bit of the n-bit encoded bit trains, according to the transmitting 
control information that the transmitting control unit has generated. 

Under the present situation, in the transceiving device of the present 
embodiment, the transmitting control unit, comprising a part of the tranceiving control 
unit 303, transmits, as the pulse train information, the number of repetitive pulses of the 
n-piece repetitive pulse trains that the pulse generator 30 generates. 

The transceiving device of the present embodiment may alternatively be 

constructed as follows: The transceiving device comprises an encoder operable to 

output an n-bit encoded bit train as an n-bit parallel format encoded bit train; and a 

transmitting unit including a pulse generator and a parallel -to-serial converter. The pulse 

generator is operable to repetitively generate a plurality of pulses for each encoded bit 

of the n-bit parallel format encoded bit train outputted by the encoder, thereby 

outputting n-piece parallel format repetitive pulse trains, the plurality of pulses being 

predetermined according to the kind of each encoded bit. The parallel-to-serial 

converter is operable to convert the n-piece parallel format repetitive pulse trains 

outputted by the pulse generator to n-piece serial format repetitive pulse trains, thereby 

sequentially transmitting the n-piece serial format repetitive pulse trains to the 
communication path. 
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At this time, the pulse generator determines, in accordance with the control 
information generated by the transmitting control unit described above, the number of 
each repetitive pulses composing the n-piece repetitive pulse trains, in such a manner 
that pulses included in the n-piece repetitive pulse trains amount to (k*m) pieces in total, 
and at least two pieces of the n-piece repetitive pulse trains are composed of repetitive 
pulses of different numbers. 

Another alternative to the transceiving device of the present embodiment may 
be constructed as follows: The transceiving device comprises an encoder operable to 
output an n-bit encoded bit train as an n-bit serial format encoded bit train; and a 
transmitting unit including a serial-to-parallel converter, a pulse generator, and a 
parallel-to-serial converter. The serial-to-parallel converter is operable to convert the 
n-bit serial format encoded bit train outputted by the encoder to an n-bit parallel format 
encoded bit train. The pulse generator is operable to repetitively generate a plurality of 
pulses for each encoded bit of the n-bit parallel format encoded bit train outputted by 
the encoder, thereby outputting n-piece parallel format repetitive pulse trains, the 
plurality of pulses being predetermined according to the kind of each encoded bit. The 
parallel -to-serial converter is operable to convert the n-piece parallel format repetitive 
pulse trains outputted by the pulse generator to n-piece serial format repetitive pulse 
trains, thereby sequentially transmitting the n-piece serial format repetitive pulse trains 
to the communication path. 

At this time, the pulse generator determines, in accordance with the control 
information generated by the above-described transmitting control unit, the number of 
each repetitive pulses composing the n-piece repetitive pulse trains, in such a manner 
that pulses included in the n-piece repetitive pulse trains amount to (k*m) pieces in total, 
and at least two pieces of the n-piece repetitive pulse trains are composed of repetitive 
pulses of different numbers. 

An alternative to the transmitting unit 100 in the transceiving device of the 
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present embodiment may be constructed as follows: The transmitting unit comprises a 
bit train generator and a pulse generator. The bit train generator is operable to repeat, for 
a plurality of times, each bit of the n-bit encoded bit train encoded by the encoder to 
generate n-piece repetitive bit trains. The pulse generator is operable to generate a pulse 
for each bit of the n-piece repetitive bit trains generated by the bit train generator, the 
pulse being predetermined according to the kind of each bit, thereby transmitting the 
generated pulse to the communication path. 

At this time, the bit train generator determines, in accordance with the control 
information generated by the above-described transmitting control unit, the number of 
each repetitive bits composing the n-piece repetitive bit trains, in such a manner that bits 
included in the n-piece repetitive bit trains amount to (k*m) pieces in total, and at least 
two pieces of the n-piece repetitive bit trains are composed of repetitive bits of different 
numbers. The transmitting control unit transmits, as the bit train information, the 
number of repetitive bits of the n-piece repetitive bits trains that the bit train generator 
generates. 

The operation of the transceiving device of the present embodiment in a 
receiving mode is basically same as the operation of the receiving device in 
Embodiment 6 of the present invention shown in Fig. 6. 

The receiving unit 110 performs receiving process for received pulse trains 

received by the antenna 90 and fed by the antenna switching unit 304. The pulse 

wave-shape correlator 120 correlates each pulse of the received pulse trains and the 

template wave shape. The integrator 130 integrates the acquired correlation value. The 

decoder 150 makes soft decision for the correlation value; the decision unit 160 makes 

hard decision for the soft decision result; and outputs the decoded information bit train 

to an output terminal 302 as received data. The interval over which the integrator 130 

integrates the correlation value (that is, the number of repetitive pulses of each repetitive 
pulse train) is controlled by the tranceiving control unit 303 based on the pulse train 
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information that is sent from a partner's transmitter beforehand. 

A transceiving method adopted by the transceiving device of the present 
embodiment comprises: assuming that m-piece pulses are transmitted per one bit of 
information bits ("m" is a natural number not less than 2), and that a coded rate is (k/n) 
("k" is a natural number not less than 1, and "n" is a natural number not less than 2), 
transforming a k-bit information bit train to (k*m)-piece transmit repetitive pulses in 
total, and transmitting sequentially the (k*m)-piece transmit repetitive pulses to a 
communication partner via the communication path. In this case the (k*m)-piece 
transmit repetitive pulses are composed of n-pieces transmit repetitive pulse trains, and 
at least two pieces of the n-piece transmit repetitive pulse trains possess lengths 
different from each other. 

The transceiving method further comprises: receiving as n-piece received 
pulse trains n-piece repetitive pulse trains transmitted by the communication partner via 
the communication path; outputting number of repetitive pulses composing each of the 
n-piece received pulse trains, based on pulse train information or bit train information 
received beforehand; correlating individually pulses composing the n-piece received 
pulse trains with a predetermined template wave shape, thereby outputting correlation 
values; integrating the correlation values as many as the number of repetitive pulses, 
thereby providing n-piece integrated values; making soft decision for the n-piece 
received pulse trains based on the n-piece integrated values, thereby outputting the soft 
decision results for n bits; and making hard decision in decoding for the n-piece 
received pulse trains based on the soft decision results for n bits, thereby outputting the 
k-bit information bit train as a decoded information signal. 

Furthermore, in the transceiving method adopted by the transceiving device of 
the present invention, it is also desirable to configure that the n-piece transmit repetitive 
pulse trains correspond to the n-bit encoded bit train which the k-bit information bit 
train is encoded at the coded rate (k/n). Each repetitive pulse train of the n-piece 
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transmit repetitive pulse trains are constructed by generating a pulse, repetitively for 
plural times corresponding to each bit of the n-bit encoded bit train. The pulse is 
determined beforehand depending on the kind of a bit. 

In this case, the transcei ving method, adopted by the transcei ving device of the 
present embodiment, transmits the number of repetitive pulses of the n-piece transmit 
repetitive pulse trains as the pulse train information. 

It is also alternatively desirable, in the transceiving method adopted by the 
transceiving device of the present invention, to configure that each pulse of the transmit 
repetitive pulses is generated by using a pulse predetermined depending on the kind of a 
bit, corresponding to each bit of the n-piece transmit repetitive bit trains which include 
at least two repetitive bit trains with different lengths from each other, and that the 
n-piece transmit repetitive bit trains correspond to the n-bit encoded bit train which the 
k-bit information bit train is encoded at the coded rate (k/n) and each repetitive bit train 
of the n-piece transmit repetitive bit trains is generated by repeating each bit of the n-bit 
encoded bit trains for plural times. 

In this case, the transceiving method, adopted by the transceiving device of the 
present embodiment, transmits the number of repetitive bits of the n-piece transmit 
repetitive bit trains as the bit train information. 

As explained above, according to the present embodiment, it is possible to 
provide the transceiving device using the UWB-IR method, which can adjust adaptively 
the number of the repetitive pulses to be generated for the encoded bit. 

(Embodiment 8) 

Fig. 8 is a block diagram of a transmitting device according to Embodiment 8 
of the present invention. 

In Fig. 8, explanation of components same as shown in Fig. 5 is omitted 
attaching same symbols as in Fig. 5. 

As shown in Fig. 8, on condition that m-piece pulses are transmitted per one bit 
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of information bits ("m" is a natural number not less than 2) and a coded rate is (k/n) 
("k" is a natural number not less than 1 , and "n" is a natural number not less than 2), the 
transmitting device of the present embodiment comprises an encoder 20, a transmitting 
unit 100, a transmitting control unit 40, and an antenna 90. 

The encoder 20 is operable to encode a k^bit information bit train to an n-bit 
encoded bit train at a coded rate of (k/n). 

The transmitting unit 100 comprises a bit train generator 70, an interleaver 80, 
and a pulse generator 30. The bit train generator 70 is operable to output, as a first 
time-series bit train, the n-piece repetitive bit trains generated by repeating each bit for 
plural times for the n-bit encoded bit train encoded by the encoder 20. The interleaver 
80 is operable to change time-based location of each bit of the first time-series bit train 
outputted by the bit train generator 70, thereby outputting a second time^series bit train. 
The pulse generator 30 is operable to generate a pulse, predetermined for the kind of a 
bit, for each bit of the second time-series bit train outputted by the interleaver 80, 
thereby transmitting the generated second time-series pulse train to the communication 
path one after another. 

The transmitting control unit 40 is operable to acquire the communication path 
information regarding the communication path, to determine the number of repetitive 
bits of the n-piece repetitive bit trains generated by the bit train generator 70 based on 
the acquired communication path information, and to transmit the determined number 
of repetitive bits as the bit train information. 

The transmitting control unit 40 determines the number of repetitive bits of the 
n-piece repetitive bit trains to be generated by the bit train generator 70, in such a 
manner that bits included in the n-piece repetitive bit trains amount to (k*m) pieces in 
total, and at least two pieces of the n-piece repetitive bit trains are composed of 
repetitive bits of different number. 

In the transmitting device of the present embodiment, the interleaver 80 is 
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newly added between the bit train generator 70 and the pulse generator 30, compared 
with the transmitting device of Embodiment 5 of the present invention shown in Fig. 5. 
However, the operation of the transmitting device of the present embodiment is same as 
the corresponding operation of the transmitting device of Embodiment 5 of the present 
invention except for operation related to the interleaver 80. 

In the transmitting device of the present embodiment, the interleaver 80 
changes the time-based locations of bits (the first time-series) of the n-piece repetitive 
bit trains generated by the bit train generator 70, and creates a bit train of new 
time-based locations of bits (the second time-series). The pulse generator 30 converts 
each bit of the second time-series bit train created by the interleaver 80 into a pulse that 
is predetermined depending on the kind of the bit, and transmits the pulse from the 
antenna 90. Therefore, the second time-series pulse train is transmitted from the antenna 
90. 

Fig. 9 is a block diagram of s receiving device according to Embodiment 8 of 
the present invention. In Fig. 9, explanation of components same as shown in Fig. 6 is 
omitted attaching same symbols as in Fig. 6. 

As shown in Fig. 9, the receiving device according to the present embodiment 
comprises: a receiving unit 110, a pulse wave-shape correlator 120, a deinterleaver 
170, a receiving control unit 140, an integrator 130, a decoder 150, and a decision unit 
190. 

The receiving unit 110 is operable to receive a transmit signal as an received 
pulse train, the transmit signal being an second time-series pulse train transmitted after a 
k-bit information bit train is encoded to an n-bit encoded bit train at a coded rate of (k/n) 
("k" is a natural number not less than 1, and "n" is a natural number not less than 2), 
and subsequently interleaved and transformed to the second time-series pulse train. 

The pulse wave-shape correlator is operable to correlate individually pulses 
composing the received pulse train with a predetermined template wave shape, thereby 
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outputting a second time-series correlation value train in correspondence with the 
n-piece received pulse train. 

The deinterleaver 170 is operable to deinterleave the n-piece second time-series 
correlation value train, thereby outputting n-piece first time-series repetitive correlation 
value trains. 

The receiving control unit 140 is operable to output, based on bit train 
information received beforehand, n-piece repetition numbers for the n-piece first 
time-series repetitive correlation value trains outputted by the deinterleaver 1 70. 

The integrator 130 is operable to divide into n intervals the n-piece first 
time-series repetitive correlation value trains outputted by the deinterleaver 170, in 
accordance with the n-piece repetition numbers outputted by the receiving control unit 
140, and to integrate the n-piece first time-series repetitive correlation value trains for 
each divided interval, thereby outputting n-piece integrated values. 

The decoder 150 is operable to make soft decision for the n-piece received 
repetitive pulse trains based on the n-piece integrated values outputted by the integrator 
130, thereby outputting the soft decision results for n bits. 

The decision unit 160 is operable to make hard decision in decoding for the 
n-piece received pulse trains based on the soft decision results for n bits outputted by 
the decoder 150, thereby outputting the k-bit information bit train as a decoded 
information signal. 

In the receiving device of the present embodiment, the deinterleaver 170 is 
newly added between the pulse wave-shape correlator 120 and the integrator 130, 
compared with the receiving device of Embodiment 6 of the present invention shown in 
Fig. 6. Therefore, the operation of the receiving device of the present embodiment in 
steps posterior to the deinterleaver 1 70 is same as the corresponding operation of the 
receiving device of Embodiment 6 of the present invention. 

The operation of the receiving device of the present embodiment is explained 
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referring to Fig. 9. 

The receiving unit 110 receives, as the received pulse train, the second 
time-series pulse train which is transmitted by a partner's transmitting device, same as 
of the present embodiment shown in Fig. 8. 

The pulse wave-shape correlator 120 correlates each pulse of the received pulse 
train that is received by the receiving unit 110 and the template wave shape that is 
predetermined, and outputs the correlation value. A series of correlation values 
outputted by the pulse wave-shape correlator 120 constitutes a second time-series 
correlation value train. 

The deinterleaver 170 deinterleaves the second time-series correlation value 
train to output first time-series repetitive correlation value trains. 

The receiving control unit 140 determines the number of repetitive bits of the 
n-piece bit trains corresponding to the first time-series correlation value trains, based on 
the bit train information which is transmitted beforehand from the partner's transmitting 
device, and outputs the number of repetitive bits to the integrator 130. 

The integrator 130 integrates the first time-series repetitive correlation value 
trains as many as the number of repetitive bits of the n-piece bit trains which the 
receiving control unit 140 has outputted, and outputs n-piece integrated values. 

The decoder 150 makes soft decision based on the n-piece integrated values, 
and outputs the soft decision result for n-bit. 

The decision unit 160 makes hard decision that is the final decoding for the 
received pulse train based on the soft decision result of n-bit outputted by the decoder 
150, and outputs the k-bit information bit train as the decoding information signal. 

Next, operation of the interleaver 80 of the transmitting device and the 

deinterleaver 170 of the receiving device of the present embodiment is briefly explained 

referring to Fig. 15. Fig. 15 is an explanatory drawing of an interleaver and a 
deinterleaver according to Embodiment 8 of the present invention. 
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Now, it is assumed that the first time-series repetitive bit train generated by the 
bit train generator 70 of Fig. 8 is a repetitive bit train 221 "nl, n2, n3, n4, n5, n6, n7, n8, 
n9, nlO", as shown in Fig. 15. 

The interleaver 80 changes the time-series of the first time-series repetitive bit 
train 221 and outputs an interleaver output 222 "nl, n6, n2, n7, n3, n8, n4, n9, n5, nlO", 
as the second time-series bit train, according to a predetermined conversion rule. In the 
present example, the first time-series repetitive bit train 221 is divided into two parts, 
and bits are taken out in head-to-tail order, alternately from the first part and the second 
part to reassemble the interleaver output 222 as the second time-series bit train. 

Each bit in the interleaver output 222 is converted into either a P pulse 204 or a 
Q pulse 205 by the pulse generator 30, and then transmitted. Therefore, the pulse train 
transmitted from the transmitting device is the second time-series train. 

In the receiving device, the receiving unit 110 receives the second time-series 
pulse train as the received pulse train. The pulse wave-shape correlator 120 correlates 
each pulse of the received pulse train and the template wave shape, and outputs as a 
correlation value train 223 "mpl, mp6, mp2, mp7, mp3, and "mp8, mp4, mp9, mp5, 
mplO" as shown in Fig. 15. The correlation value train 223 is the second time-series 
train. 

The deinterleaver 170 conversely follows the conversion rule which the 
interleaver 80 has used, changes the time-series of the second time-series correlation 
value train 223, and outputs the deinterleaver output 224 "mpl, mp2, mp3, and "mp4, 
mp5, mp6, mp7, mp8, mp9, mplO", as the first time-series correlation value train. 

Thus, in the transmitting device of the present embodiment, the first time-series 
bit train is interleaved to the second time-series bit train, which is subsequently 
converted to the second time-series pulse train and transmitted. In the receiving device 
of the present embodiment, the second time-series correlation value train is 
deinterleaved to the first time-series correlation value train. 
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Attaching the interleaver 80 to the transmitting device can produce both of the 
time diversity effectiveness and the burst error suppression effectiveness over coded bits, 
and hence, the error rate characteristics of the signal received by the receiving device 
can be improved further. Therefore, the transmitting device and the receiving device of 
the present embodiment are effective in noise environment especially conspicuous for 
burst-type noise. 

As explained above, the purport of the present embodiment is to realize the 
transmitting device and the receiving device that can perform communication of 
information using the UWB-IR method while controlling the number of repetitive 
pulses of the repetitive pulse trains according to the state of the communication path; 
therefore, as long as it does not exceed the purport of the present invention, various 
applications can be realized. 

According to the present invention, the transmitting device and the receiving 
device for use in a super wideband communication system can be provided, which 
realize high quality data transmission without reducing the transmission speed by lifting 
restrictions over the number of the repetitive pulses in the UWB-IR method. 

Industrial Applicability 

The transmitting device and the receiving device related to the present 
invention can be used, for example, in a field of high-speed indoor 
multi-points-connection radio communication, which performs communication using 
the UWB-IR method, and in its applicable field. 

Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected 
therein by one skilled in the art without departing from the scope or spirit of the 
invention as defined in the appended claims. 
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